The pathology of gonorrhoea and the mechanisms by which Neisseria gonorrhoeae establishes disease have not been thoroughly elucidated. It has been reported that the entrance of the N. gonorrhoeae cells into the epithelial tissue of the urethral tract in the male takes place through the intercellular spaces and reaches the subepithelial connective tissue 3 or 4 days after exposure to an infected female (Harkness, 1948) . The urethral discharge in the male is the result of the migration of polymorphonuclear leucocytes, lymphocytes, and plasma cells to the site of infection beneath the columnar epithelium. The presence of gonococci in leucocytes in the urethral exudate is the most important diagnostic evidence of gonorrhoeal infection in the male (Ov6innikov and Delektorskij, 1971; Spink, 1937) . Thomas, Hill, and Tyeryar (1973) reported that cells from type 1 colonies of N. gonorrhoeae strain F62 (Kellogg, Peacock, Deacon, Brown, and Pirkle, 1963; Kellogg, Cohen, Norins, Schroeter, and Reising, 1968) survived phagocytosis by human leucocytes better than cells from type 4 colonies. The ultrastructure of phagocytes and gonococci in urethral exudate has been studied by observation of thin sections (Ovcnikov and Delektorskij, 1971; Ward and Watt, 1972; Ward, Glynn, and Watt, 1972) . Although these reports contain valuable information, thin sections provide only a two-dimensional image of dehydrated, embedded specimens. It was the purpose of this investigation to develop methods for the study of phagocytes and the relationship between N. gonorrhoeae and phagocytes in the urethral discharge of males suffering from gonorrhoea, at the threedimensional level by scanning electron microscopy and by the use of the freeze-etch technique and the observation of replicas in the transmission electron microscope. Fig. 2b does not show such a protrusion but does have a flattened appearance. The surface of both cells (Figs 2a, b) is extensively convoluted. Fig. 3 shows a freeze-etched preparation of urethral exudate from a male patient. A phagocyte, which appears to be a polymorphonuclear phagocyte, is seen in this micrograph. This phagocyte does not contain identifiable cells of N. gonorrhoeae in the plane of fracture. Three lobes of the nucleus (N) are visible. The nuclear membrane (nm) and nuclear pores are seen in this figure. Pseudopodia (ps) and the smooth outer surface (os) structure of this phagocyte are readily seen. The inner track of the nuclear membrane has a rough appearance as compared to the outer layer which is smooth. The cytoplasm is filled with granules (G) of different sizes. Fig. 4 shows a phagocyte revealing the appearance of nuclear pores (unlabelled arrows) along with invaginations of the membrane toward the centre of the nucleus. 
Material and methods

GONOREHOEAL URETHRAL EXUDATE
In Fig. 8 the presence of granules (g) inside a phagosome is depicted even more clearly. In this micrograph, two phagosomes are seen, one containing three such cells. Apparently, the phagosome containing only one gonococcus contains more granules within it than the phagosome with three gonococci.
Discussion
Scanning electron microscopy of urethral exudate reveals the presence of epithelial cells in addition to phagocytes (Figs. 1 and 2) . The epithelial cells are possibly detached from the epithelial tissue of the urogenital tract of male patients as a result of the inflammation associated with the disease. Since gonorrhoea has been reported (Harkness, 1948) to start with a superficial infection, one might expect to see the epithelial cells in the urethral discharge from male patients. Ultra-thin sections of exudate obtained from male patients by gently scraping the epithelial tissue of the urinary tract showed the attachment of gonococci to the surface of epithelial or mucus-secreting cells (Ward and Watt, 1972) . Different steps of fixation, dehydration, and criticalpoint drying in the preparation of specimens for scanning electron microscopy may have removed the gonococci from the surfaces of these cells. The rough surface of the epithelial cells (Fig. 2) , when filled with mucus, provides an ideal site for attachment of gonococci. They can then establish the primary infection and are protected from removal during micturition (Ward and Watt, 1972) .
The surface of the phagocytes was extensively ruffled (Figs. la, b) . These ruffles, which are threedimensional views of the pseudopodia, have been observed by scanning electron microscopy on peritoneal macrophages of the mouse (Klainer and Rectenwald, 1974) and the rabbit (Warfel, Elberg, and Hayes, 1973 (Fig. 3) . Most of the phagocytes in specimens prepared by the critical point technique were found to be in clumps (Fig. la) . The clumping of the phagocytes in urethral exudate was possibly due to the coagulation of extracellular fluids and mucus secretions during fixation and dehydration. It was our desire to handle cells as little as possible before observation; thus the urethral exudate was introduced directly from the patient into the fixative. The clumping of phagocytes could perhaps be eliminated by washing the cells before fixation as was done by Klainer and Rectenwald (1974 Fig. 3 clearly reveals a trilobed nucleus. The two layers of the nuclear membrane are evident in Figs. 3 and 4 . The outer layer appears smooth (Fig. 4) . When the outer layer was removed as a result of freezefracturing the specimen, the inner layer was revealed and showed a rough appearance. The presence of nuclear pores was always accompanied by indentation of the pore toward the centre of the nucleus.
The majority of phagocytes with engulfed gonococci showed individual N. gonorrhoeae cells in one phagosome (Fig. 5) . However, phagosomes containing three or more gonococci were also seen (Figs 5 and 8 (Figs 3 and 4) . This supports the suggestion of Ward and Watt (1972) that gonococci cannot block the degranulation of polymorphonuclear leucocytes.
Several N. gonorrhoeae cells in the phagosome appear to lack the ceU wail septation between the two cells and possibly these gonococci were engulfed during the process of cell division. There is also a possibility that, during natural infection, gonococci by some unknown mechanism can survive in the phagocyte and continue to divide. When exudate was studied at the level of light microscopy, as many as 25 to 50 gonococci were observed in one small area of the phagocyte, presumably in one phagosome. The preparative techniques employed for transmission electron microscopy show only a small area of the phagocyte, since both fracturing and thin sectioning reveal only a single plane through the phagosome. This might account for the lower number of gonococci seen within the phagocyte when studied by these methods. Thomas and others (1973) showed that cells from type 1 colonies of N. gonorrhoeae strain F62 can resist the phagocytic action of leucocytes more than cells from type 4 colonies. Observation of the colonial type of N. gonorrhoeae isolated from the patients revealed 80 to 85 per cent. of colonies were type 1. Therefore, it is possible that several gonococcal cells found in one phagosome can initially resist the phagocytic action of the leucocyte, but eventually the leucocyte overcomes the resistance and destroys the engulfed micro-organisms. Destruction of gonococci by phagocytes is accompanied by migration of cytoplasmic granules, mostly lysosomes (Hirsch and Cohn, 1960) into the phagosome (Figs 6, 7, and 8) . Lysosomes inside the phagosome were found to be smaller in size than those in the cytoplasm. Ward and others (1972) reported the rupture of lysosomes in the phagosome. Possibly the smallsized granules in the phagosome are the result of partially used or ruptured lysosomes. The presence of these small granules inside the phagosome membrane containing gonococci was reported by Ward and others (1972) and Ovcinnikov and Delektorskij (1971) .
The interesting finding in the observation of freeze-etched preparations of phagosomes was that the degree of granularity in the phagosomes with only one gonococcus (Fig. 8) was much greater than in those containing several N. gonorrhoeae. It is possible that these granules which contain different enzymes, such as Rnase, Dnase, alkaline phosphatase, lysozyme, etc. (Hirsch and Cohn, 1960) This allowed us to observe phagocytes which were naturally produced as a result of disease. In addition, the specimens were minimally manipulated after collection from the patients, being fixed with the mildest of fixatives, 2 per cent. glutaraldehyde. In the case of the freeze-etch preparations, even dehydrating agents were avoided, thus eliminating another insult to cellular structures. The use of these two methods of study with minimal manipulation of specimens may lead to a better understanding of phagocytosis in general and more specifically to a better understarlding of the pathogenesis of gonorrhoea. Unfortunately we have been unable, as yet, to observe the gonococcal cell in the process of being phagocytosed by either method. This would probably require the observation of many more specimens. Summary Urethral exudates from male patients with gonorrhoea were studied by use of the critical point drying technique for scanning electron microscopy. The surfaces of phagocytes were extensively ruffled. This was interpreted to be the three-dimensional appearance of pseudopodia. Epithelial cells present in the urethral exudate showed a highly convoluted surface structure.
Specimens ofurethral exudate prepared by the freezeetch technique showed that most N. gonorrhoeae were engulfed individually in phagocytes. Some phagosomes contained two or more gonococcal cells. Phagocytes containing gonococci were degranulated, but small granules were present in the phagosomes. Nuclear pores on the surface of the nuclear membrane were always associated with an indentation of the nuclear membrane. The outer layer of the nuclear membrane was smooth compared to the inner layer. 
